Objective. To determine the prevalence of traditional cardiovascular risk factors using established definitions in a large cohort of clinically well-characterized primary Sjögren's syndrome (SS) patients and to compare them to healthy controls. Methods. Data on cardiovascular risk factors in primary SS patients and controls were collected prospectively using a standardized pro forma. Cardiovascular risk factors were defined according to established definitions. The prevalence of cardiovascular risk factors in the primary SS group was determined and compared to that in the control group. Results. Primary SS patients had a higher prevalence of hypertension (28 -50% versus 15.5-25.6%; P < 0.01) and hypertriglyceridemia (21% versus 9.5%; P ‫؍‬ 0.002) than age-and sex-matched healthy controls. Furthermore, a significant percentage (56%) of hypertensive patients expected to be on antihypertensive treatment according to best practice was not receiving it. Conclusion. Primary SS patients are more than 2 times more likely to experience hypertension and hypertriglyceridemia than ageand sex-matched healthy controls. Additionally, hypertension is underdiagnosed and suboptimally treated in primary SS.
INTRODUCTION
The association between cardiovascular risk and chronic multisystem inflammatory conditions has been the subject of a large body of research. There is compelling evidence of increased cardiovascular mortality and morbidity in conditions such as rheumatoid arthritis (RA) (1-3) and systemic lupus erythematosus (SLE) (4) . In RA, the excess cardiovascular risk is attributed to a combination of traditional and novel cardiovascular risk factors (5) and is a key contributor to the overall mortality and morbidity of this condition. Patients with RA have an increased cardiovascular risk that is comparable to that of patients with diabetes mellitus (6) . These observations have led to the rec-ommendation of annual cardiovascular risk assessment for all RA patients (7) . Primary Sjögren's syndrome (SS) is an autoimmune disorder characterized by chronic multisystem inflammation with shared pathophysiology with SLE and RA. However, the links between primary SS and cardiovascular disease (CVD) remain unclear. Five studies have reported on the prevalence of traditional cardiovascular risk factors in primary SS patients (8 -11) , with 3 of them primarily designed for this purpose (8, 9, 12) . The results of these studies differ. Lodde et al (12) investigated the lipid profile of 46 primary SS patients and found lower high-density lipoprotein (HDL) and total cholesterol levels than in xerostomic controls (n ϭ 12). In contrast, Cruz et al reported similar lipid profiles in primary SS patients (n ϭ 73) and controls (n ϭ 65) (8) . More recently, Perez de Lis et al reported that diabetes mellitus and hypertriglyceridemia are more prevalent in primary SS than in primary care patients in Spain (9) . These studies have used different methodologies and definitions for cardiovascular risk factors and have reached varying conclusions.
In this study, we determined the prevalence of traditional cardiovascular risk factors using established definitions in a large well-characterized primary SS patient cohort in the UK (13) .
PATIENTS AND METHODS
Study subjects. Data from 543 patients with primary SS (5 males, 538 females) recruited to the UK Primary Sjögren's Syndrome Registry (UKPSSR) cohort (13) from 30 centers were analyzed. All patients fulfilled the American-European Consensus Group (AECG) criteria for the classification of primary SS (14) . Data on cardiovascular risk were prospectively collected as a predetermined substudy of the UKPSSR (13) .
Data for the healthy control group (n ϭ 473; 63 males, 410 females) were derived from 2 cohorts. A parallel control group was recruited alongside the UKPSSR cohort using a "find a friend approach" (n ϭ 111). Briefly, patients were asked to bring a friend (non-blood relative) to their research clinic visit and data were collected from these healthy individuals as well as from the patients. These controls were age and sex matched to the primary SS patients. The second control group (n ϭ 362) came from a study undertaken at Great Western Hospital NHS Foundation Trust, UK with the primary aim to analyze the relationship between C-reactive protein (CRP) and obesity in healthy individuals.
All studies had Research Ethics Committee approval and participants gave written consent according to the Declaration of Helsinki. Data collection was standardized for patients and controls. As only 5 of the primary SS patients were male, subsequent analysis was performed on female participants only.
Definitions of traditional cardiovascular risk factors.
Traditional cardiovascular risk factors were defined according to established criteria. Hypertension was classified using the following World Health Organization (WHO) definitions (15) : systolic blood pressure (SBP) Ն140 mm Hg or diastolic blood pressure (DBP) Ն90 mm Hg, and the following National Cholesterol Education Programme (NCEP) definitions (16) (15) . Smoking was categorized as current, ex-smoker, and never smoked. Family history of CVD and the presence of diabetes mellitus were assessed from medical records and clinical consultation. Blood pressure was the mean of 3 measurements taken at 5-minute intervals after at least a 5-minute rest. Fasting (Ն8 hours) blood glucose, lipid profile (total cholesterol, triglycerides, HDL, and LDL), and CRP levels were measured using routine laboratory methods.
Cardiovascular events. Self-reported cardiovascular events were recorded at recruitment. Events included myocardial infarction (MI), transient ischemic attacks and/or strokes (collectively referred to as strokes), and peripheral vascular disease.
Significance & Innovations
• Cardiovascular risk is not routinely assessed in primary Sjögren's syndrome (SS) patients, while it is in other chronic autoimmune conditions such as rheumatoid arthritis.
• We set out to determine whether primary SS patients had a higher prevalence of cardiovascular risk factors than healthy controls.
• Female primary SS patients are more than 2 times more likely to experience hypertension and hypertriglyceridemia than age-matched healthy controls.
• Hypertension in primary SS is underdiagnosed and undertreated.
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Autoantibody test. Anti-Ro and anti-La antibodies were measured in a single laboratory (Newcastle Hospitals NHS Foundation Trust) using the Euroassay anti-ENA Profile Plus according to manufacturer's protocol (Euroimmun AG).
Statistical analysis. All analyses were carried out with PASW 18.0 (SPSS). Values were expressed as percentages, means, and medians as appropriate. Comparisons were done using chi-square test and Fisher's exact test for categorical data and Mann-Whitney test for nonparametric continuous data. Logistic regression was used to adjust for confounders. Subset analysis was carried out in agematched primary SS patients and healthy controls. Patients and healthy controls were matched 1:1 on age, rounded to the nearest year. A random number was generated for each individual using Microsoft Excel, and for each age those individuals in the available pool of possible exact matches with the lowest random numbers were selected until sufficient matches were obtained.
RESULTS
Data from 538 female primary SS patients fulfilling the AECG criteria for the classification of primary SS were included. Patients' mean Ϯ SD age was 59 Ϯ 12.4 years. All patients and controls were white. Table 1 summarizes the demographic characteristics and prevalence of traditional cardiovascular risk factors in patients and controls. The prevalence of hypertension, hypercholesterolemia, and hypertriglyceridemia was higher among primary SS patients compared to healthy controls. There was also higher frequency of primary SS patients taking antihypertensive and statin therapies. Primary SS patients had lower proportions of current smokers and oral contraceptive users than healthy controls. Thirty percent of patients were taking hydroxychloroquine, 10% were taking steroids, and 6% were taking immunosuppressants, with none of the controls taking any of these medications. Patients were younger than controls (mean Ϯ SD age 45.8 Ϯ 11.8 versus 59.1 Ϯ 12.4 years; P Ͻ 0.001). Since age is a key determinant of blood pressure and serum lipid levels, we stratified the prevalence of hypertension, hypertriglycemia, and hypercholesterolemia according to age and demonstrated that the percentages of primary SS patients with hypertension or hypertriglyceridemia were higher than healthy controls in all age categories. The same was true for hypercholesterolemia, except for the 60 -69 years age group, where the percentage of patients with hypercholesterolemia was higher in the control group ( Figure 1 ).
Subset analysis.
In order to further investigate whether the increased prevalence of hypertension and dyslipidemia was a consequence of the younger age of the control group, we examined a group of 200 primary SS patients and 200 controls that could be matched for age, sex, and ethnicity. Supplementary Table 1 (available in the online version of this article at http://onlinelibrary.wiley.com/ doi/10.1002/acr.22227/abstract) compares the characteristics of primary SS patients included in this subset analysis with the remaining primary SS cohort. As expected, patients included in the subset analysis were younger. In addition, this subset of primary SS patients also had a lower prevalence of hypertension, with smaller proportions of individuals receiving antihypertensive or statin therapies, but with higher percentages of subjects taking antimalarials and oral contraceptives.
The mean Ϯ SD age of patients and controls in the subset analysis was 51 Ϯ 10 years. A total of 88.4% of patients were anti-Ro antibody positive and 68.9% were anti-La antibody positive with a mean Ϯ SD disease duration of 11.5 Ϯ 8.5 years from symptom onset.
Primary SS patients had a lower prevalence of smoking than healthy controls (3.8% versus 10.1%; P ϭ 0.026) and higher median levels of CRP (5 mg/dl versus 1.2 mg/dl; P Ͻ 0.0001). There was no difference in the prevalence of diabetes mellitus, obesity, or family history of CVD. There was no correlation between steroid use and diabetes mellitus prevalence in either group. Analysis of lipid profiles revealed that 21% of patients had hypertriglyceridemia compared to 9.5% of controls (P ϭ 0.002), but there was no statistically significant difference in the prevalence of hypercholesterolemia, low HDL, or high LDL levels ( Table 2) . Hypertension was more prevalent in primary SS patients than in controls regardless of the definition used. Twentyeight percent of patients were classified as having WHO hypertension compared to 15% of controls (P ϭ 0.003), while 50% of patients were classified as having NCEP hypertension versus 25.6% of controls (P Ͻ 0.0001). Odds ratios were calculated to determine the likelihood of experiencing hypertriglyceridemia and hypertension after adjusting for smoking, BMI, and steroid, antimalarial, and antihypertensive use where appropriate. Primary SS patients were 2.260 (95% confidence interval [95% CI] 1.262-4.080, P ϭ 0.006) times more likely to have hypertriglyceridemia, 2.02 (95% CI 1.19 -3.44, P ϭ 0.009) times more likely to have WHO hypertension, and 2.87 (95% CI 1.83-4.52, P Ͻ 0.0001) times more likely to have NCEP hypertension than controls.
Characteristics of patients with hypertension and hypertriglyceridemia. We then analyzed the clinical, laboratory, and immunologic characteristics of hypertensive and nonhypertensive patients to explore whether hypertensive patients could be identified on the basis of any of these characteristics. The only statistically significant difference found was antihypertensive use, with 28% of hypertensive patients on treatment compared to 12% of nonhypertensive patients (P ϭ 0.007). The same analysis was carried out for hypertriglyceridemia and nonhypertriglyceridemia primary SS patients and is shown in Table 3 . Hypertriglyceridemia primary SS patients were more likely to have abnormal salivary flow test findings (95.2% versus 81.3%; P ϭ 0.003), to have positive antinuclear antibodies (ANAs; 90.6% versus 70.6%; P ϭ 0.02), and to be taking antihypertensives (P Ͻ 0.0001) than their nonhypertriglyceridemia counterparts. Of note, neither steroid nor hydroxychloroquine use influenced the prevalence of hypertension or hypertriglyceridemia.
Management of hypertension in primary SS patients.
Forty of the 200 primary SS patients from the subset analysis were known to have hypertension and were taking antihypertensive treatment. Out of these 40 patients on treatment, 12 had controlled hypertension, while the remaining 28 remained hypertensive despite medication (inadequately controlled hypertension). These findings are summarized in Table 4 .
Therefore, only 28 of the 100 hypertensive primary SS patients identified had prior knowledge of their condition, with 72 primary SS patients being diagnosed as hypertensive during the course of this study. In order to determine how many of these patients should be taking antihypertensive treatment, we applied the National Institute for Health and Care Excellence guidance on clinical management of hypertension in adults (17) . For patients with hypertension, the need for drug treatment (in addition to lifestyle modifications) depends on the absolute blood pressure value, patient's age, and comorbidities. However, if SBP Ն160 mm Hg or DBP Ն100 mm Hg (stage 2 hypertension), drug treatment is warranted regardless of comorbidities if ambulatory blood pressure monitoring confirms hypertension (16) . Applying this guidance to our cohort, 16 of the 100 hypertensive primary SS patients would be expected to be on drug treatment. To our surprise, only 44% of these patients were taking antihypertensive agents (and were therefore experiencing inadequately controlled 
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Juarez et al hypertension), while the other 56% were not receiving antihypertensive drugs (and were therefore experiencing untreated hypertension). When the same cutoff was applied to the healthy controls, we identified 4 patients requiring treatment. Of these, 3 patients were taking medication and 1 was not.
Prevalence of cardiovascular events.
A total of 7 cardiovascular events were recorded in the primary SS patients included in the subset analysis. One patient had an MI, while another 6 patients experienced strokes. There were no recorded peripheral vascular disease events. All 7 patients had positive anti-Ro and anti-La antibody test findings and experienced hypertension (4 controlled, 3 uncontrolled). None of the patients were smokers, 2 of them experienced hypertriglyceridemia, and 1 experienced hypercholesterolemia. Information on cardiovascular events was not available for healthy controls and therefore direct comparisons between groups could not be drawn.
DISCUSSION
We have determined the prevalence of traditional cardiovascular risk factors, using established definitions, in a large multicenter cohort of white female primary SS patients in the UK. We found that primary SS patients were more than 2 times more likely to experience hypertension and hypertriglyceridemia than age-and sex-matched healthy controls. Furthermore, a significant proportion of the hypertensive patients were not previously known to experience hypertension, and many of those who should have been on antihypertensive medications were not receiving them. Hypertension in primary SS is therefore underdiagnosed and suboptimally treated.
Hypertension is the most important modifiable risk factor for CVD, being more common than cigarette smoking, dyslipidemia, or diabetes mellitus (18) . Hypertension in primary SS may, at least in part, be explained by the increased prevalence of subclinical atherosclerosis (11) seen in these patients. Accelerated atherosclerosis leads to increased cardiovascular events and deaths (19, 20) and has been well documented in other chronic inflammatory conditions such as RA (20) and SLE (21) . In primary SS, immune-mediated arterial wall damage has been postulated as the underlying cause for accelerated atherosclerosis (11). In RA, age, BMI, and steroid use have been independently associated with hypertension (22) . In our study, there was no difference in BMI between primary SS patients and controls, and the effects of age and steroid use were corrected for statistically. Despite this, hypertension was still more prevalent in primary SS patients than in controls. This suggests that the effect of other factors (such as genetic, immunologic, and/or inflammatory) may be more important. Indeed, hypertension has been shown to be associated with specific genetic polymorphisms in RA patients (23, 24) and such associations and other potential mechanisms need to be investigated further in primary SS. In apparent contrast with our results, Perez de Lis et al (9) reported a lower prevalence of hypertension in primary SS patients compared to primary care controls. However, it is worth noting that 46% of the individuals in their control group were hypertensive. This led them to hypothesize that their finding may be a paradoxical effect due to a higher prevalence of hypertension in the control group and recognized it as a limitation of their study. Of note, they found 30% of hypertensive patients in their primary SS group, a similar figure to that found in our cohort. In contrast to this study, a significant proportion of the individuals in our control group experienced undiagnosed and sometimes untreated hypertension. While the optimal management of hypertension was not a primary aim of our study and while this does not alter our main finding of a high prevalence of hypertension in primary SS patients, these findings suggest that hypertension may be undertreated both in primary SS and healthy controls. Data on the lipid profile of primary SS patients are scarce. In the US, Lodde et al (12) reported lower HDL and total cholesterol levels in female primary SS patients (n ϭ 46) than in xerostomic controls (n ϭ 12). They analyzed mean fasting lipid values but did not calculate the prevalence of hypercholesterolemia, hypertriglyceridemia, high LDL, and low HDL using established definitions (16) . The raw values of serum lipids of primary SS patients between their study and ours were similar, but different for the control cohorts. Of note, the lipid profile of their xerostomic controls was significantly different from that of the healthy age-matched US population. Our results concur with those of Perez de Lis et al (9) , who, using the same definition of hypertriglyceridemia as our study, found a higher prevalence of hypertriglyceridemia in primary SS patients than controls (22% versus 15%; P ϭ 0.023). The cause of the abnormal lipid profile in primary SS may be, as in RA (25), multifactorial and, together with its clinical significance, is yet to be fully explored. Corticosteroid use can cause dyslipidemia. However, the prevalence of hypertriglyceridemia was not increased in primary SS patients on steroid treatment compared to those who were not on treatment (data not shown), and the percentage of hypertriglyceridemia primary SS patients taking steroids was not significantly higher than that of their nonhypertriglyceridemia counterparts (14.3% versus 5.6%; P ϭ 0.092) (Table 3) . Interestingly, we have identified that patients with hypertriglyceridemia are more likely to have abnormal salivary flow test findings and positive ANAs than nonhypertriglyceridemia patients. While these findings need to be validated in different cohorts, this observation may aid stratification of primary SS patients who may benefit from analysis of lipid profile.
Seven primary SS patients experienced cardiovascular events. All of them were hypertensive and had positive anti-Ro and anti-La antibody testing. Information regarding disease duration at the time of cardiovascular events was not collected. The issue of whether cardiovascular risk factors translate into increased cardiovascular risk in primary SS patients is an important one and has not been studied in detail. Perez de Lis et al described cardiovascular events in primary SS patients but reported that their prevalence did not differ from that of the control population (9) . We were unable to perform such comparison as we lacked the relevant data for the control group. Nevertheless, in the light of our findings and that of others, a longitudinal study of cardiovascular risk and events in primary SS patients is warranted.
The proportion of current smokers in the primary SS group was significantly lower than that in the control group (3.8 versus 10.1; P ϭ 0.02). The reason for this observation is unclear, but has also been reported in another study (9) and may be related to the potential link between smoking and aggravation of xerostomia.
Median CRP levels were higher in primary SS patients than controls. This is in keeping with findings from previous studies (9, 12) . The association between CVD and inflammation is widely recognized and CRP levels have been used as reliable markers of inflammation. The American Heart Association has defined risk groups for CVD according to high-sensitivity CRP (hsCRP) values (26) , where an hsCRP level of Ͻ1.0 mg/dl, 1.0 -2.9 mg/dl, and Ն3.0 mg/dl confers low, moderate, and high risk, respectively. Although these values are not intended for use in isolation but in conjunction with other cardiovascular risk factors, they act as good indicators of cardiovascular risk. Although CRP levels in our study were measured using routine laboratory tests, the higher values found in the primary SS group support the idea that inflammation may act as an additional and independent risk factor for CVD in primary SS patients.
Perez de Lis et al (9) described a higher prevalence of diabetes mellitus in primary SS patients than in controls. Our study did not confirm this finding. One possible explanation is that the definitions of diabetes mellitus used in these 2 studies were different. However, the magnitude of the difference between studies (3.4% versus 27%) warrants further investigation into the underlying reasons. Glucocorticoid use is a risk factor for diabetes mellitus. In this study, there was no apparent correlation between glucocorticoid use and diabetes mellitus as 2 of 53 (3.8%) primary SS patients taking glucocorticoids and 17 of 485 (3.8%) primary SS patients not on glucocorticoids had diabetes mellitus (P ϭ 1.000).
In addition to traditional cardiovascular risk factors, there is now growing interest in the role of nontraditional cardiovascular risk factors. Of particular relevance to pri-mary SS is the potential role of oral inflammation and hygiene as risk factors for cardiovascular events (27, 28) since poor oral hygiene and oral mucosal disease are common among primary SS patients. Future studies investigating the link of oral health in primary SS and cardiovascular risk would be of great interest.
The strengths of this study include prospective and standardized data collection, a large sample size, and patient recruitment from multiple centers, which increases the ecological validity of the findings. This study, however, is not without limitations. The control cohort was younger, but our observations of increased prevalence of hypertension and hypertriglycaemia in primary SS patients were confirmed in our subset analysis of age-and sex-matched groups. Some of the individuals in the control cohort were hospital employees. This may have introduced a healthy worker effect bias (29) Furthermore, analysis of lifestyle preferences in the control group revealed that more than half the participants did not undertake regular exercise and 60% were ex-smokers. These figures are similar to the general population, arguing against a significant healthy-worker bias in this group.
A large body of research led to the recognition of increased cardiovascular risk in RA. This in turn has led to recommendations of yearly cardiovascular checks in RA patients (7) , although adherence to this guideline in daily practice remains suboptimal (30) . A similar approach has been proposed in order to assess and treat the increased cardiovascular risk associated with SLE (31). In contrast, cardiovascular risk is not routinely considered during assessment of primary SS patients. Our findings warrant further investigation in this area and will alert clinicians that an association between increased cardiovascular risk and primary SS exists.
Primary SS patients have higher prevalence of hypertension and hypertriglyceridemia than healthy individuals. Clinicians need to be aware of this increased risk in order to take appropriate steps to assess cardiovascular risk and treat it where appropriate.
